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FOREWORD 

The Night t ime/Dayt ime O p t i c a l  Survey  o f  L i g h t n i n g  (NOSL) 
e x p e r i m e n t  h a s  been  selc : ted by NASA H e a d q u a r t e r s  f o r  f l i g h t  
o n  O r b i t a l  F l i g h t  T e s t  L (STS-2) o f  t h e  Space  S h u t t l e .  The 
e x p e r i m e n t  w i l l  be  c o n d u c t e d  by t h e  a s t r o n a u t s  from t h e  c a b i n  
o f  t h e  Space  S h u t t l e .  The P r i n c i p a l  I n v e s t i g a t o r  is 
D r .  Berna rd  Vonnegut  o f  t h e  Atmospher ic  S c i e n c e s  R e s e a r c h  
C e n t e r ,  S t a t e  U n i v e r s i t y  o f  N e w  York a t  Albany. The Co-In- 
v e s t i g a t o r s  a r e  D r .  Marx Brook o f  N e w  Mexico I n s t i t u t e  o f  
Mining and Technology,  S o c o r r o ,  New Mexico, and Mr. Otha H.  
Vaughan, Jr., o f  t h e  S p a c e  S c i e n c e s  L a b o r a t o r y ,  NASA M a r s h a l l  
Space  F l i g h t  C e n t e r ,  Alabama. 

The NOSL ex;?; imen t  is s p o n s o r e d  t h r o u g h  t h e  S e v e r e  
S to rms  and Local  Weather  R e s e a r c h  Program ( D r .  James C. Dodge, 
Manager) ,  NASA H e a d q u a r t e r s ,  u n d e r  C o n t r a c t  NAS8-32893. The 
a u t h o r s  o f  t h i s  r e p o r t  a l s o  acknowledge t h e  o u t s t a n d i n g  e n g i -  
n e e r i n g  and i n t e g r a t i o n  s u p p o r t  p r o v i d e d  by p e r s o n n e l  o f  t h e  
E x p e r i m e n t a l  Sy3tems Division a t  Johnson Scacecraft Center i n  
the de-~eicrpr~er~t of cr.e ex-r ;--..-rItai n ~ r 5 - 6 a r  k 5r.i i C S  l n t e g r a -  
t i o n  w i t h  t h e  S h u t t l e .  
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NIGHTTIME/DAYTIME 'PTICAL SURVEY OF LIGHTNING 
AND CONVECTIVE PHENOMENA EXPERIMENT (NOSL) 

1. INTRODUCTION 

T h u n d e r s t o r m  e l e c t r i f i c a t i o n  is a d i f f i c u l t  r e s e a r c h  
problem b e c a u s e  many d i f f e r e n t  p r o c e s s e s  p r o d u c e  c h a r g e  s e p a -  
r a t i o n  w i t h i n  t h e  c l 3 u d s .  C l u e s  r e l a t i n g  to t h e  o r i g i n  o f  
c l o u d  e l e c t r i f i c a t i o n  may c o n c e i v a b l y  come from e x p e r i m e n t a l  
d a t a  c o l l e c t e d  d u r i n g  s p a c e  f l i g h t s .  Of i n t e r e s t  a t  t h e  
p r e s e n t  time is t h e  f a c t  t h a t  l i g h t n i n g  h a s  been  o b s e r v e d  o n  
Veilus and  J u p l t r r  whose a t m o s p h e r e s  a r e  r a d i c a l l y  d i f f e r e n t  
E r t i m  t h a t  o f  t h e  E a r t h .  

S c i e n t i s t s  p e r f o r m i n g  r e s e a r c h  i n  a t m o s p h e r i c  electr ic-  
i t y  a r e  s t u d y i n g  a phenomenon t h a t  n o t  o n l y  h a s  s c i e n t i f i c  
r e s e a r c h  i n t e r e s t  b u t  a l s o  p r a c t i c a l  a p p l  i c a t  i o n s .  The knowl- 
e d g e  o f  t h e  mechanisms t h a t  p r o d u c e  t h e  e l e c t r i c a l  a c t i v i t y  i n  
storms c e l l s  c o u l d  p r o v i d e  i n f o r m a t i o n  f o r  p o t e n t i a l  f o r e c a s t ,  
w a r n i n g ,  and  c o n t r o l  o f  s e v e r e  storms. 

Improved i n f o r m a t  i o n  on  t h e  worldwide d i s t r i b u t i o n  o f  
l i g h t n i n g  is o n e  i m p o r t a n t  p a r a m e t e r  t h a t  c a n  be d e t e r m i n e d  
from a n  o r b i t i n g  p l a t f o r m  s u c h  as t h e  S p a c e  S h u t t l e  now 
s c h e d u l e d  to  f l y  i n  1980 .  

V e r b a l  and  w r i t t e n  a c c o u n t s  f rom t h e  S k y l a b  a s t r o n a u t s  
i n d i c a t e  t h a t  a  v e h i c l e  o r b i t i n g  s e v e r a l  h u n d r e d  k i l o m e t e r s  
a b o v e  t h e  E a r t h  a f f o r d s  a  new a n d  e x c i t i n g  o v e r a l l  v i e w  o f  
t h u n d e r s t o r m s  and  l i g h t n i n g  t h a t  c a n  n e v e r  b e  s e e n  a t  lower 
a l t i t u d e s .  The p u r p o s e  o f  t h e  N i g h t t i m e / D a y t i m e  O p t i c a l  
S u r v e y  o f  L i g h t n i n g  (NOSL) e x p e r i m e n t  is to o b t a i n ,  by means  
o f  a  movie  camera  and  a  l i g h t n i n g  d e t e c t i o n  s e n s o r ,  d a t a  on  
o r d i n a r y  a n d  s e v e r e  storms t h a t  c a n  be l a t e r  a r ~ a l y z e d  by 
r e s e a r c h e r s  t o  p r o v i d e  new q u a n t i t a t i v e  i n f o r m a t i o n  on  dynamic  
a n d  e l e c t r i c a l  phenomena. I n  a d d i t i o n  to  t h e  p h o t o g r a p h i c  
f i l m ,  t h e  a p p e a r a n c e  o f  l i g h t n i n g  d i s c h a r g e s  w i l l  b e  r e c o r d e d  
by a p h o t o - o p t i c a l  s e n s o r .  The e l e c t r o n i c  o u t p u t  w i l l  be 
r e c o r d e d  u s i n g  a  m a g n e t i c  t a p e  s y n c h r o n i z e d  w i t h  t h e  camera  
f i l m .  I n  t h i s  way t h e  f r e q u e n c y  o f  t h e  l i g h t n i n g  and  its 
c h a r a c t e r i s t i c s  b o t h  by d a y  and  by n i g h t  c a n  b e  correlated 
w i t h  t h e  c l o u d  s t r u c t u r e  a n d ,  when i t  is v i s i b l e ,  t h e  c h a r a c -  
t e r i s t i c t s  o f  t h e  l i g h t n i n g  c h a n n e l .  I f  t h e  e x p e r i m e n t  is 
s u c c e s s f u l ,  i t  is b e 1  i e v e d  t h a t  a d a p t a t i o n  o f  t h e s e  t e c h n i q u e s  
may p r o v e  t o  be u s e f u l  f o r  i d e n t i f y i n g  s e v e r e  w e a t h e r  s i t u a -  
t i o n s  f rom m e t e o r o l o g i c a l  s a t e l l i t e s .  



2. TARGET PROBABILITY 

The a r e a  o f  t h e  E a r t h ' s  s u r f a c e  t h a t  w i l l  be v i s i b l e  
d u r i n g  t h e  o r b i t a l  f l i g h t s  o f  t h e  Space S h u t t l e  is so l a r g e  
t h a t  it is probable  t h a t  storms c a p a b l e  o f  producing l i g h t n i n g  
w i l l  be v i s i b l e  on a lmos t  every  o r b i t .  Because of  t h e  h igh  
o r b i t a l  speed o f  t h e  s a t e l l i t e ,  t h e s e  storms w i l l  remain i n  
view f o r  o n l y  a r a t h e r  b r i e f  time--only a m a t t e r  o f  minu te s  
f o r  storms l y i n g  benea th  t h e  s a t e l l i t e ,  and somewhat l o n g e r  
f o r  storms more d i s t a n t  from t h e  s a t e l l i t e  pa th .  Thus t a r g e t s  
o f  o p p o r t u n i t y  can be s e l e c t e d  by t h e  a s t r o n a u t .  

2.1. Nocturnal  Storms 

During t h e  passage  o v e r  t h e  d a r k  s i d e  o f  t h e  Ea r th  t h e  
a s t r o n a u t  o b s e r v e r s  on t h e  Space S h u t t l e  should  r e a d i l y  bo 
a b l e  to r ecogn ize  storms by l i g h t n i n g  f l a s h e s  e i t h e r  i n s i d e  or 
o u t s i d e  t h e  c loud ,  which should  be v i s i b l e  f o r  ranges  o f  a t  
l e a s t  many hundreds o f  k i l o m e t e r s .  Turman [ l l  ha s  ob ta ined  
e x c e l l e n t  o p t i c a l / e l e c t r o n i c  s i g n a t u r e s  u s ing  a l i g h t n i n g  
d e t e c t o r  flown on t h e  Defense Me teo ro log ica l  S a t e l l i t e  pro- 
gram. Vorpahl e t  a l .  [21 have a l s o  o b t a i n e d  photographic  d a t a  
f o r  l i g h t n i n g  a c t i v i t y  u s ing  a s a t e l l i t e  system. 

2.2. Day l igh t  Storms 

S i n c e  most s e v e r e  thunders torms  occu r  o v e r  land  where 
t h e  maximum frequency and t h e  maximum i n t e n s i t y  o f  thunder-  
storms occu r  du r ing  t h e  p e r i o d s  o f  maximum s o l a r  h e a t i n g ,  
thunders torm o b s e r v a t i o n s  on t h e  b r i g h t  s i d e  of  t h e  Ea r th  w i l l  
be o f  importance f o r  s tudy .  

During d a y l i g h t  hour s  it w i l l  be somewhat more d i f f i c u l t  
f o r  t h e  o b s e r v e r s  t o  r ecogn ize  t h e s e  storms because t h e  l i g h t -  
n ing  w i l l  n o t  be v i s i b l e  to t h e  eye  a g a i n s t  t h e  b r i l l i a n t  
background o f  s u n l i t  c louds .  I f  p r i o r  t o  t h e  f l i g h t  t h e  
o b s e r v e r  is made f a m i l i a r  w i th  t h e  appearance  of  t h e  t o p s  o f  
v igo rous  cumulonimbus c l o u d s  and a n v i l s  a s  viewed from above, 
it is probable  t h a t  he w i l l  be a b l e  to  i d e n t i f y  l i gh tn ing -p ro -  
duc ing  storm systems by t h e i r  appearance.  

Although it is a n t i c i p a t e d  t h a t  t h e  o b s e r v e r  w i l l  be 
capab le  o f  i d e n t i f y i n g  e l e c t r i c a l l y  a c t i v e  s e v e r e  storm sys-  
tems on t h e  b a s i s  of  t h e i r  appearance ,  he w i l l  be a l e r t e d  to  
t h e  p o s s i b l e  e x i s t e n c e  o f  a d d i t i o n a l  s e v e r e  storm systems.  
Ground o b s e r v e r s ,  supp l i ed  wi th  i n fo rma t ion  from meteoro logi -  
c a l  n e t w ~ r k s  and s a t e l l i t e  o b s e r v a t i o n s ,  w i l l  h e l p  him to  
i d e n t i f y  a r e a s  o f  p a r t i c u l a r  i n t e r e s t .  



3. IDENTIFICATION OF LIGHTNING I N  DAYLIGHT 

I t  is a n t i c i p a t e d  t h a t  t h e  p h o t o c e l l  s e n s o r  s y s t e m  a n d  
t h e  camera to  b e  used  i n  t h i s  e x p e r i m e n t  w i l l  b e  o f  use n o t  
o n l y  t o  p r o v i d e  a r e c o r d  o f  t h e  l i g h t n i n g  a c t i v i t y  a s s o c i a t e d  
w i t h  n o c t u r n a l  storms t h a t  a r e  p h o t o g r a p h e d ,  b u t  a l s o  w i l l  b e  
o f  g r e a t  v a l u e  i n  i d e n t i f y i n g  a r e a s  o f  s t r o n g  e l e c t r i c a l  
a c t i v i t y  d u r i n g  t h e  d a y .  I t  is p l a n n e d  t h a t  p r i o r  t o  and 
d u r i n g  t h e  e x p o s u r e  o f  f i l m  t h e  o b s e r v e r  w i l l  s u r v e y  c l o u d  
s y s t e m s  w i t h  t h e  camera and s e n s o r  w h i l e  l i s t e n i n g  to  t h e  o u t -  
p u t  on an  e a r p h o n e ,  I n  t h i s  way h e  w i l l  b e  a b l e  by l i s t e n i n g  
t o  t h e  s i g n a l  f rom t h e  s e n s o r  to d e t e r m i n e  t h e  a r e a s  i n  which 
t h e  s t r o n g e s t  1 i g h t n i n g  is o c c u r r i n g .  Once h a v i n g  e n c o u n t e r e d  
a n  a r e a  o f  v i g o r o u s  l i g h t n i n g  a c t i v i t y ,  he r a n  t h e n  r e c o r d  t h e  
a p p e a r a n c e  of t h e  c l o u d s  i n  t h i s  r e g i o n  and t h e  e l e c t r i c a l  
s i g n a t u r e  o f  t h e  l i g h t n i n g .  

C e r t a i n  f e a t u r e s  o f  i n t e r e s t  d u r i n g  t h u n d e r s t o r m  a c t i v -  
i t y  t h a t  o n l y  r a r e l y  c a n  be  s e e n  from t h e  E a r t h  w i l l  be v i s i -  
b l e  from t h e  v a n t a g e  p o i n t  o f  t h e  o r b i t i n g  Space  S h u t t l e .  An 
i m p o r t a n t  o b j e c t i v e  o f  t h e  e x p e r i m e n t  w i l l  be to l o o k  f o r  s u c h  
u n u s u a l  phenomena and to  document them b o t h  p h o t o g r a p h i c a l l y  
and e l e c t r o n i c a l l y .  

4. FEATURES OF INTEREST 

The f o l l o w i n g  a r e  f e a t u r e s  o f  t h u n d e r s t o r m  a c t i v i t y  t h a t  
would b e  o f  p a r t i c u l a r  i n t e r e s t :  

4.1. Long L i g h t n i n g  D i s c h a r g e s  

T h e r e  a r e  a few reports [3 ,4 ]  i n  t h e  s c i e n t i f i c  l i t e r a -  
t u r e  d e s c r i b i n g  b o t h  v i s u a l  and r a d a r  o b s e r v a t i o n s  o f  l i g h t -  
n i n g  d i s c h a r g e s  of u n u s u a l  l e n g t h ,  sometimes a s  l o n g  a s  150  
km. Such d i s c h a r g e s  would n o t  o r d i n a r i l y  be  v i s i b l e  from ,he 
ground  or from a i r c r a f t ,  b u t  may be r e a d i l y  i d e n t i f i a b l e  when 
viewed from above .  P h o t o g r a p h s  o f  s u c h  d i s c h a r g e s  would be o f  
c o n s i d e r a b l e  s c i e n t i f i c  v a l u e .  

4.2. - Unusual  L i g h t n i n g  i n  Tornado-Producing S t o r m s  

A i r l i n e  p i l o t s  f l y i n g  i n  t h e  c e n t r a l  U.S. h a v e  s t a t e d  
[ 5 ]  t h a t  t h e y  o f t e n  can  i d e n t i f y  t o r n a d o - p r o d u c i n g  storms b y  
t h e  v e r y  unusua l  l i g h t n i n g  phenomena t h e y  produce .  A 1  though  
n o  p h o ~ o g r a p h s  o f  t h i s  a c t i v i t y  h a v e  a p p a r e n t l y  been t a k e n ,  
t h e  d e s c r i p t i o n s  i n d i c a t e  u n u s u a l l y  f r e q u e n t  l i g h t n i n g  and 
sometimes l i g h t n i n g  o f  v a r i o u s  colors. Some o f  t h e s e  d e s c r i p -  
t i o n s  s u g g e s t  t h a t  t h e  t o p  o f  t h e  c l o u d s  a p p e a r s  a s  a  ' sea  o f  
f i r e . "  S t i l l  and c i n e  pho tography  o f  t h i s  u n u s u a l  l i g h t n i n g  



a c t i v i t y  would be  a  v a l u a b l e  c o n t r i b u t i o n  to o u r  u n d e r s t a n d i n g  
o f  to rnado-produc ing  storms. I f  t o r n a d o - p r o d u c i n g  stonns c a n  
be o b s e r v e d  from o r b i t  d u r i n g  n i g h t ,  t h e  p h o t o g r a p h s  and 
p h o t o c e l l  r e c o r d i n g s  may s h e d  new l i g h t  on t h e  p u z z l i n g  elec- 
t r i c a l  a c t i v i t y  t h a t  is o f t e n  a s s o c i a t e d  w i t h  s e v e r e  t o r n a d o e s  
16,71. 

4.3. E l e c t r i c a l  D i s c h a r g e s  i n  t h e  C l e a r  A i r  
Above Thunders to rms  

O b s e r v a t i o n s  o f  t h u n d e r s t o r m s ,  p a r t i c u l a r l y  of t h e  more 
i n t e n s e  v a r i e t y ,  sometimes i n c l u d e  d e s c r i p t i o n s  o f  e l e c t r i c a l  
d i s c h a r g e s  u n u s u a l  i n  t h a t  t h e y  a r e  o c c u r r i n g  n o t  b e n e a t h ,  or 
w i t h i n  t h u n d e r c l o u d s ,  b u t  i n  t h e  c l e a r  a i r  above  them. Such 
d e s c r i p t i o n s  [ 8 1  i n c l  tide n o t  o n l y  what  a r e  a p p a r e n t l y  normal  
l i g h t n i n g  d i s c h a r g e s ,  e x c e p t  f o r  t h e  f a c t  t h a t  t h e y  e x t e n d  
upwards  i n t o  t h e  c l e a r  a i r  o f  t h e  s t r a t o s p h e r e  above  t h e  
c l o u d ,  b u t  a l s o  luminous  p i l l a r s  o f  l i g h t  and g l o w i n g  f i r e -  
b a l l  s. A t  p r e s e n t  t h e r e  a r e  no  p h o t o g r a p h s  o f  t h i s  phenome- 
non,  and it would b e  o f  g r e a t  v a l u e  i f  p i c t u r e s  c o u l d  be 
s e c u r e d  from t h e  Space  S h u t t l e  f o r  d e t a i l e d  s t u d i e s .  

4.4. Chanqes i n  t h e  R e f l e c t i o n  o f  S u n l i q h t  from Upper 
P a r t  o f  Thunderc loud  a s  R e s u l t  o f  E l e c t r i c a l  
R e o r i e n t a t i o n  

T h e r e  a r e  a  few o b s e r v a t i o n s  made from t h e  ground and 
from h i g h - a l t i t u d e  a i r p l a n e s  f l y i n g  above t h u n d e r c l o u d s  show- 
i n g  t h a t  t h e  i n t e n s i t y  o f  s u n l i g h t  r e f l e c t e d  from t h e  u p p e r  
p a r t  o f  t h e  c l o u d  f l u c t u a t e s  d u r i n g  t h e  c u r r e n t s  o f  l i g h t n i n g  
d i s c h a r g e s .  T h i s  e f f e c t ,  o b s e r v e d  by Vonnegut [ 9 , 1 0 ] ,  is 
p r o b a b l y  produced by e l e c t r i c a l l y  c a u s e d  r e o r i e n t a t i o n  o f  ice 
c r y s t a l s  and would o c c u r  when t h e  d i r e c t i o n  or  i n t e n s i t y  o f  
t h e  e lectr ic  f i e l d  c h a n g e s  a s  t h e  r e s u l t  o f  l i g h t n i n g .  I t  is 
to b e  e x p e c t e d  t h a t  t h i s  phenorenon may be v i s i b l e  from a 
s a t e l l i t e  and t h a t  i t  may be possible to document it w i t h  a  
m o t i o n  p i c t u r e  camera .  P r o b a b l y  t h e  l a r q e s t  f l u c t u a t i o n s  o f  
t h i s  sort  would be o b s e r v e d  when t h e  t h u n d e r s t o r m  s y s t e m  l i es  
i n  t h e  p l a n e  d e t e r m i n e d  by t h e  o b s e r v e r ,  t h e  Sun,  and t h e  
c e n t e r  o f  t h e  E a r t h .  A t  t h i s  p o s i t i o n  s p e c u l a r l y  r e f l e c t i n g  
ice c r y s t a l s  migh t  be e x p e c t e d  to show t h e  most d r a m a t i c  
sf f e c  ts under  t h e  i n f l u e n c e  o f  t h e  t h u n d e r s t o r m ' s  e lec t r ica l  
f o r c e s .  

4.5. Cloud C i r c u l a t i o n  

D e s p i t e  t h e  b r i e f  time t h a t  s t r o n g l y  c o n v e c t i v e  cumulo- 
nimbus c l o u d s  w i l l  be i n  t h e  f i e l d  o f  v iew o f  t h e  o b s e r v e r ,  i t  
may b e  p o s s i b l e  to r e c o g n i z e  i q t e r e s t i n g  c l o u d  dynamics .  
O b s e r v e r s  s h o u l d  be a l e r t  to t h e  p o s s i b i l i t y  o f  r e c o g n i z i n g  
r e g i o n s  o f  c o n v e r g e n c e  and d i v e r g e n c e  i n  t h u n d e r s t o r m  c l o u d  



a r e a s  and p e r h a p s  r e g i o n s  o f  s t r o n y  r o t a t i o n .  I f  t h e s e  can  be  
documentd by t h e  camera ,  t h e  d a t a  w i l l  b e  o f  c o n s i d e r a b l e  
v a l u e  to s t u d e n t s  o f  storm and c l o u d  dynamics .  

4.6. Mar i t ime  Thunders to rms  - 
The l i m i t e d  a v a i l a b l e  l i g h t n i n g  d e t e c t i o n  measurements  

made from s a t e l l i t e s  [ I l l  i n d i c a t e  t h a t  f a r  less e l e c t r i c a l  
a c t i v i t y  t a k e s  p l a c e  o v e r  t h e  c x e a n s  t h a n  o v e r  l a n d .  Because  
t h e s e  o b s e r v a t i o n s  p r o v i d e  no s t r u c t u r a l  d e t a i l s  o f  t h e  storm 
or o f  t h e  l i g h t n i n g ,  r e s u l t s  a r e  d i f f i c u l t  to  i n t e r p r e t .  I t  
w i l l  add to o u r  u n d e r s t a n d i n g  o f  t h e  d i f f e r e n c e s  be tween elec- 
t r i c a l  a c t i v i t y  o v e r  l a n d  and o v e r  w a t e r  i f  we c a n  s e c u r e  
pictures o f  t y p i c a l  m a r i n e  t h u n d e r s t o r m  a c t i v i t y  b o t h  by d a y  
and by n i g h t .  S u b s e q u e n t  a n a l y s i s  o f  t h e  p h o t o c e l l  o u t p u t  may 
p r o v i d e  new i n f o r m a t i o n  on  whe the r  t h e r e  a r e  d i f f e r e n c e s  
be tween t h e  number o f  s t r o k e s  and t h e  s p a c i n g  between s t r o k e s  
i n  storms o v e r ' t h e  o c e a n  and t h o s e  o v e r  l a n d .  

4.7. - Warm Cloud E l e c t r i f i c a t i o n  

S t u d e n t s  o f  t h u n d e r s t o r m s  a r e  a g r e e d  t h a t  most o f  t h e  
c l o u d  s y s t e m s  t h a t  p roduce  l i g h t n i n g  a r e  l a r g e  and v i g o r o u s  
cumulonimbus c l o u d s  t h a t  rise to a 1  t i t u d e s  well above  t h e  O°C 
i s o t h e r m .  T h i s  f a c t  h a s  l e d  many i n v e s t i g a t o r s  to c o n c l u d e  
t h a t  t h e  ice p h a s e  may b e  o f  g r e a t  i m p o r t a n c e  i n  t h e  p r o c e s s e s  
t h a t  l e a d  to t h e  f o r m a t i o n  o f  c h a r g e  c e n t e r s  r e s p o n s i b l e  f o r  
l i g h t n i n g .  There  is e v i d e n c e ,  however,  t h a t  on o c c a s i o n  
s m a l l e r  cumulus c l o u d s  c a n  sometimes produce  l i g h t n i n g  even  
though  t h e y  a r e  eve rywhere  above  f r e e z i n g  t e m p e r a t u r e s .  T h e r e  
a re  s e v e r a l  a p p a r e n t l y  well-authenticated r e p o r t s  [12-141 o f  
warm c l o u d  1 i g h  t n i n g  i n  t r o p i c a l  or semi t r o p i c a l  e n v i r o n m e n t s  , 
s u c h  a s  t h e  w a t e r s  o f f  Grand Bahama I s l a n d ,  Key West, and 
V i e t  Nam.  I f  t h e  e x i s t e n c e  and t h e  c h a r a c t e r i s t i c s  o f  warm 
c l o u d  l i g h t n i n g  can  he documented t h r o u g h  s a t e l l i t e  o b s e r v a -  
t i o n s ,  i t  w i l l  r e p r e s e n t  a  v a l u a b l e  c o n t r i b u t i o n  to  o u r  
knowledge o f  c l o u d  e l e c t r i f i c a t i o n .  

4.8. E l e c t r i c a l  A c t i v i t y  i n  H u r r i c a n e s  and Typhoons 

A t  t h e  p r e s e n t  time t h e r e  is o n l y  e x t r e m e l y  l i m i t e d ,  
somewhat c o n t r a d i c t o r y  i n f o r m a t i o n  [15]  c o n c e r n i n g  t h e  elec- 
t r i f  i c a t i o l .  o f  t h e s e  l a r g e  t r o p i c a l  storm s y s t e m s .  Accord ing  
to some reportis, t h e r e  is  e x t r a o r d i n a r y  and c o n t i n u o u s  l i g h t -  
n i n g  a c t i v i t y  a s s o c i a t e d  w i t h  t h e  w a l l s  o f  t h e  e y e  o f  t h e  
storm. On t h e  o t h e r  hand,  t h e r e  a r e  r e p o r t s  o f  o t h e r w i s e  
s i m i l a r  storm s y s t e m s  i n  which l i g h t n i n g  a c t i v i t y  is a l m o s t  
e n t i r e l y  a b s e n t .  I t  would b e  o f  g r e a t  i n t e r e s t  to  p h o t o g r a p h  
and r e c o r d  a n y  h u r r i c a n e s  or typhoons  or l a r g e  t r o p i c a l  storm 
s y s t e m s  to l e a r n  more a b o u t  t h e  i n t e r n a l  e l e c t r i c a l  a c t i v i t y  
a s s o c i a t e d  w i t h  t h e i r  g rowth  and deve lopment .  



4.9.  L i g h t n i n g  i n  V o l c a n i c  E r u p t i o n s  

I n  t h e  e v e n t  t h a t  v i g o r o u s  v o l c a n i c  e r u p t i o n s  c a n  be 
o b s e r v e d  from t h e  o r b i t i n g  Space  S h u t t l e ,  i t  w i l l  b e  o f  g r e a t  
i n t e r e s t  to o b s e r v e  them b o t h  by day  and by n i g h t  to  a s c e r t a i n  
t h e  n a t u r e  o f  any  e l e c t r i c a l  a c t i v i t y  t h a t  is o c c u r r i n g .  I t  
h a s  been r e p o r t e d  (16,171 t h a t  t h e  l i g h t n i n g  a c t i v i t y  a t t e n d -  
i n g  some v o l c a n i c  e r u p t i o n s  somet imes  r i v a l s  or e v e n  e x c e e d s  
t h e  i n t e n s i t y  o f  l i g h t n i n g  accompanying l a r g e  t h u n d e r s t o r m s .  
I t  w i l l  be o f  c o n s i d e r a b l e  i n t e r e s t  to compare t h e s e  two 
r a t h e r  d i f f e r e n t  i n t e n s e  s o u r c e s  o f  a t m o s p h e r i c  e l e c t r i c i t y .  

4.10. R e l a t i o n s h i p  between Cloud Types and L i q h t n i n ~  

L i g h t n i n g  o b s c r ~ a t i o n s  made t h u s  f a r  from t h e  ground and 
a i r c r a f t  s u g g e s t  t h a t  most l i g h t n i n g - p r o d u c i n g  c l o u d s  e x h i b i t  
s t r o n g  v e r t i c a l  c i r c u l a t i o n  c h a r a c t e r i z e d  by c o n v e c t i v e  c a u l i -  
f l c w e r  t o p s .  I t  w i l l  be  o f  i n t e r e s t  to d e t e r m i n e  by S h u t t l e  
o b s e r v a t i o n s  whe ther  l i g h t n i n g ,  d e t e c t e d  by t h e  human e y e  o r  
by t h e  p h o t o e l e c t r i c  s y s t e m ,  c a n  e v e r  o c c u r  i n  c l o u d  s y s t e m s  
i n  which l i t t l e  or, no p e n e t r a t i v e  c o n v e c t i o n  is o c c u r r i n g  a s  
i n d i c a t e d  by smooth c i r r i f o r m  a n v i l , %  or a  smooth s t r a t i f o r m  
l a y e r .  

4.;1. S p e c t r o s c o p i c  O b s e r v a t i o n s  of L i g h t n i n q  

S p e c t r o s c o p i c  s t u d i e s  o f  l i g h t n i n g  by O r v i l l e  (18,191 
h a v e  proven u s e f u l  i n  p r o v i d i n g  i n f o r m a t i o n  on d e t a i l s  o f  
l i g h t n i n g ,  such  a s  t h e  p r e s s u r e s  and t e m p e r a t u r e s  t h a t  a r e  
d e v e l o p e d  In t h e  plasma. Thus f a r ,  p r a c t i c a l l y  a l l  spectro- 
scopic o b s c r v a t  i o n s  have been con£  i n e d  tc c loud- to-ground d i s -  
c h a r g e s .  On t h e  b a s i s  o f  d e s c r i p t i o n s  o i  l i g h t n i n g  p r o v i d e d  
by t h e  a s t r o n a u t s  i t  a p p e a r s  t h a t  i t  s h o u l d  be p o s s i b l e  to 
o b t a i n  s p e c t r a  l o o k i n g  d ~ w n  from t h e  Space  S h u t t l e  t h a t  w i l i  
yield new i n f o r m a t i o n  on t h e  c h a r a c t e r i s t i c s  o f  t h e  l i g h t n i n g  
o c c u r r i n g  i n  t h e  upper  p a r t s  of t h e  t h u n d e r c l o u d  where t h e  
d t m o s p h e r i c  p r e s s u r e  can  be a s  much a s  an  o r d e r  o f  magni tude  
l o w e r  t h a n  i t  is a t  the ground .  

5. DESCRIPTION OF NOSL HARDWARE 

The NOSL camera and s e n s o r  s y s t e m  ( F i g .  1) t h a t  t h e  
a s t r o n a u t s  w i l l  use d u r i n g  t h e  second  S h u t t l e  o r b i t a l  f l i g h t  
t e s t  (STS-2) to make o b s e r v a t i o n s  o f  t h u n d e r s t o r m s  and l i g h t -  
n i n g  is a  m o d i f i e d  v e r s i o n  of t h e  s u p e r - 8  c i n e  camera s y s t e m  
( F i g .  2 )  d e s c r i b e d  by Vonnegut and P a s s a r e l l i  1 2 0 ) .  T h i s  
s y s t e m  c o n s i s t e d  o f  a  super -8  sound mot ion p i c t u r e  camera 
equ ipped  w i t h  a  p h o t o c e l l  s e n s o r  system a r r a n g e d  s o  t h a t  it 
had a p p r o x i m a t e l y  t h e  same f i e l d  uf view a s  t h e  camera l e n s  i n  
t e l e p h o t o  p o s i t i o n  ( a p p r o x i m a t e l y  6 degrees), The e l e c t r i c a l  



i m p u l s e s  produced when t h e  p h o t o c e l l  was i l l u m i n a t e d  by 1 i g h t -  
n i n g  were i n t r o d u c e d  i n t o  t h i .  a m p l i f i e r  o f  t h e  camera and 
r e c o r d e d  on  t h e  m a g n e t i c  sound t r a c k  o f  t h e  f i l m .  The s y s t e m  
was used  to  p h o t o g r a p h  and r e c o r d  o p t i c a l  s i g n a l s  from l i g h t -  
n i n g  under  a v a r i e t y  o f  circumstances, i n c l u d i n g  s e v e r e  stcr nt 
r e c o n n a i s s a n c e  f l i g h t s  on  t h e  U n i v e r s i t y  o f  Ch icago  Lear j t . ; .  , 
f l i g h t s  on  commercia l  j e t  a i r 1  i n e s ,  and from v a r i o u s  l o c a t * o n s  
on  t h e  g round .  F i g u r e  3 shows a c loud- to -g round  l i g h t n i n g  
d i s c h a r g e  a s  it a p p e a r e d  on two a d j a c e n t  f r a m e s  of mot ion  
p i c t u r e  f i l m .  F i g u r e  4 shows t h e  d e t a i l s  o f  t h e  p h o t o c e l l  
o u t p u t  a s  r e c o r d e d  on t h e  f i l m  sound t r a c k  and d i s p l a y e d  on an  
X-Y p l o t t e r .  

F i g u r e  4 is a r e c o r d  o f  t h e  o p t i c a l  s e n s o r  o u t p u t  from a 
c loud- to-grouna i g h t n i n g  f l a s h  r e c o r d e d  on t h e  sound t r a c k  o f  
t h e  Bolex super -8  f i l m  camera .  The o p t i c a l  record, when cor- 
r e l a t e d  w i t h  t h e  camera p h o t o g r a p h s ,  c a n  be  used to i n f e r  t h a t  
t h e r e  was a maximum o f  f o u r  s e p a r a t e  r e t u r n  s t r o k e s .  The 
o ~ t i c a l  s i g n a l  shows some i n i t i a l  c l o u d  a c t i v i t y ,  approxima te- 
l y  110 rns b e f o r e  t h e  f i r s t  r e t u r n  s t r o k e .  A p p r o x i m a t e l y  30 m s  
b e f o r e  t h e  f i r s t  s t r o k e  t h e r e  is a g a i n  o p t i c a l  a c t i v i t y  c u l m i -  
n a t i n g  i n  a s t e p p e d  l e a d e r .  The f i r s t  t h r e e  l a r g e  p u l s e s  are 
u n d o u b t e d l y  r e t u r n  s t r o k e s .  The two mot ion  p i c t u r e  f r a m e s  
shown i n  F i g u r e  3 e x h i b i t  t n f ?  same g e o m e t r i c a l  c h a n n e l  to  
g r o u n d ,  b u t  t h e  f i r s t  f rame shows numerous b r a n c h e s  t y p i c a l  o f  
a f i r s t  r e t u r n  s t r o k e .  Becaase  t h e  time between f r a m e s  is 50 
m s ,  t h e  f i r s t  t h r e e  l a r g e ,  l i g h t  p u l s e s ,  p l u s  t h e  f o u r t h  
smaller p u l s e ,  which a l s o  a p p e a r s  to  show a l e a d e r ,  were prob- 
a b l y  i n c l u d e d  on  t h e  two f r a m e s  o f  t h e  f i l m .  A number o f  
l a t e r  p u l s e s  a r e  p r e s e n t  i n  t h e  s e n s o r  r e c o r d  which d o  n o t  
e x h i b i t  c o u n t e r p a r t  v i s i b l e  c h a n n e l s  on t h e  f i l m .  These 
p u l s e s  m u s t  t h e r e f o r e  o r i g i n a t e  from p r o c e s s e s  w i t h i n  t h e  
c l o u d .  They a r e  p r o b a b l y  r e p r e s e n t a t i v e  o f  what  is n o r m a l l y  
i d e n t i f i e d  a s  K c h a n g e s .  The f o u r  a r r o w s  or. F i g u r e  4 i n d i c a t e  
t h e  f o u r  p u l s e s  t h a t  a r e  t h e  r e t u r n  s t r o k e s .  The p h o t o g r a p h i c  
r e c o r d s  p l u s  t h e  o p t i c a l  s e n s o r  r e c o r d s ,  when used t o g e t h e r  i n  
z n a l y z i n g  t h e  d a i s ,  p r o v i d e  c o n s i d e r a b l y  more knowledge i n  
i n t e r p r e t i n g  t h e  phenomena under  s t u d y  t h a n  is p r o v i d e d  by a 
s i n g l e  r e c o r d .  

I n  t h e  NOSL s y s t e m  ( F i g .  1) to b e  f lown on t h e  Space  
S h u t t l e  a  1 6  mm Maurer d a t a  a c q u i s i t i o n  camera and s e n s o r  w i l l  
b e  used i n s t e a d  o f  t h e  p r o t o t y p e  super -8  s y s t e m  to pho tograph  
t h u n d e r s t o r m s  and l i g h t n i n g  e v e n t s  b e c a u s e  o f  its h i g h e r  
f r aming  rd te  o f  24  f r a m e s  per second .  S i n c e  t h e  f r aming  r a t e  
o f  t h e  1 6  mm camera is o n e - t h i r d  g r e a t e r  t h a n  t h e  s u p e r - 8  
camera ,  i t  w i l l  g i v e  somewhat b e t t e r  time r e s o l u t i o n  o f  t h e  
l i g h t n i n g  d i s c h a r g e s  and ,  a l s o ,  i ts  l a r g e r  f i l m  f o r m a t  w i l l  
p r o v i d e  s i g n i f i c a n t l y  b e t t e r  p h o t o g r a p h i c  r e c o l u t i o n  o f  c l o u d s  
and l i g h t n i n g .  The t o t a l  e x p e r i m e n t  w e i g h s  1 5 , 7 5  kg (34 .7  l b )  
and o c c u p i e s  a  volume of 0 .028  m3 ( 1 . 01  f t 3 ) .  The 1 6  mm 
f i l m  is color f i l m  (QX-807 w i t h  2A f i l t e r ) .  



The 1 6  mm Maurer  is n o t  a  sound c a m e r a ,  and  t h e r e f o r e  
t h e  e l e c t r i c a l  s i g n a l  f rom t h e  o p t i c a l  s y s t e m  i n s t e a d  ,f b e i n g  
r e c o r d e d  o n  t h e  f i l m  w i l l  b e  r e c o r d e d  o n  separate t r a c k s  o f  a 
2 -channe l  c a s s e t t e  t a p e  r e c o r d e r .  One c h a n n e l  w i l l  b e  u s e d  t o  
r e c o r d  t h e  s i g n a l  f rom t h e  s e n s o r  w h i l e  t h e  o t h e r  c h a n n e l  w i l l  
b e  u s e d  t o  r e c o r d  p u l s e s  g e n e r a t e d  by t h e  camera  when e a c h  
f r a m e  is e x p o s e d  so t h a t  l a t e r  i t  w i l l  b e  p o s s i b l e  to 
s y n c h r o n i z e  t h e  f i l m  w i t h  t h e  r e c o r d  o f  t h e  l i g h t n i r ~ g .  

6 EXPERIMENTAL PROCEDURE 

When t h e  S p a c e  S h u t t l e  is i n  o r b i t ,  t h e  a s t r o n a u t  w i l l  
o p e n  t h e  e q u i p m e n t - c a r r y i n g  c a s e s ,  or l o c k e r s ,  ( F i g .  5 )  a n d  
unpack  t h e  c a m e r a ,  s e n s o r  and  e l e c t r o n i c s  p a c k a g e ,  tape 
r e c o r d e r ,  and  a s s o c i a t e d  e q u i p n e n t .  H e  w i l l  t h e n  assemble t h e  
e x p e r i m e n t a l  h a r d w a r e ,  p l a c e  t h e  f i v e  f i l m  m a g a z i n e s ,  t h r e e  
c a s s e t t e  t a p e s ,  and  d i f f r a c t i o n  g r a t i n g  i n  t h e  i n f l i g h t  
s t o w a g e  b a g ,  l o a d  t h e  camera  w i t h  a f i l m  m a g a z i n e ,  l o a d  t h e  
t a p e  r e c o r d e r  w i t h  b a t t e r i e s ,  a n d  l n s t a l l  a  t a p e  casset te  i n  
t h e  r e c o r d e r ,  Me w i l l  t h e n  p r o c e e d  to t h e  f l i g h t  d e c k  where  
t ~ e  w i l l  stow t h e  t a p e  r e c o r d e r  i n  i t s  a s s i g n e d  l o c a t i o n ,  mount  
t h e  i n f l i g h t  s t o w a g e  b a g ,  and  mount t h e  camera  and  s e n s o r  
p a c k a g e  on  t h e  a d a p t e r  l o c a t e d  on  t h e  t o p  o f  t h e  m i s s i o n  
s p e c i a l i s t s  c o n s o l e  p a n e l  ( F i g s .  6 and  7 ) .  To p r o v i d e  f i d u -  
c i a 1  marks  on  b o t h  t a p e  a n d  f i l m  t h a t  c a n  l a t e r  be  u s e d  f o r  
e s t a b l i s h i n g  s y n c h r o n i z a t i o n ,  t h e  e q u i p m e n t  w i l l  be p o i n t e d  a t  
: m o d u l a t e d  l i g h t  s o u r c e ,  s u c h  a s  a  f l u o r e s c e n t  b u l b ,  a n d  
t u r n e d  o n  f o r  a  b u r s t  o f  a  s e c c n d .  T h i s  c h e c k  w i l l  a l s o  
i n s u r e  t h a t  t h e  e q u i p m e n t  is i n  o p e r a t i n g  c o n d i t i o n .  Having  
a s s u r e d  t h a t  t h e  camera  is now r e a d y  f o r  o p e r a t i o n ,  t h e  
o b s e r u e r  w i l l  p r o c e e d  w i t h  t h e  camera  t o  t h e  window p r o v i d i n g  
a v i e w  o f  t h e  t a r g e t .  A t  n i g h t  t h e  i n d i v i d u a l  l i g h t n i n g  
e v e n t s  t o  be p h o t o g r a p h e d  w i l l  be c l e a r l y  v i s i b l e  to  t h e  
u n a i d e d  e y e ,  and  t h e  o b s e r v e r  w i l l  f r a m e  t h e  t a r g e t  i n  t h e  
v i e w f i n d e r  and  a d j u s t  t h e  zoom l e n s  (or c h o o s e  t h e  p r o p e r  
l e n s )  to accoinmodate t h e  s c e n e  to  be p h o t o g r a p h e d .  F o r  n i g h t -  
time o p e r a t i o n  t h e  o b s e r v e r  w i l l  c h e c k  to be s u r e  t h a t  t h e  
l e n s  ape;-ti ire is wide  o p e n  t o  s u p p l y  t h e  maximum amount  o f  
i l l u m i n a t i o n ;  a n d ,  u n l e s s  i n s t r u c t e d  o t h e r w i s e  from g r o u n d  
c o n t r o l ,  he  w i l l  a l s o  mount t h e  d i f f r a c t i o n  g r a t i n g  t h a t  w i l l  
be s u p p l i e d .  He w i l l  m o n i t o r  t h e  s e n s o r  o u t p u t  and  w i l l  i d e n -  
c i f y  t h e  o b s e r v a t i o n ,  s t a t i n g  d a t e  and  time. H e  w i l l  t h e n  
b e g i n  p h o t o g r a p h y  u n t i l  e i t h e r  t h e  storm is no l o n g e r  i n  t h e  
f i e l d  o f  v i ew o r  t h e  f i l m  i n d i c a t o r  shows t h a t  t h e  f i l m  h a s  
been  e x h a u s t e d .  

Dur ing  d a y l i g h t  t h e  o b s e r v e r  w i l l  be s u r e  t h e  d i f f r a c -  
t i o n  g r a t i n g  h a s  been  removed from its h o l d e r  and  w i l l  a d j u s t  
t h e  l e n s  to  g i v e  p r o p e r  e x p o s u r e  o f  s u n l i t  c l o u d s .  B e c a u s e  



l i g h t n i n g  may n o t  be v i s i b l e  to t h e  o b s e r v e r ,  i t  w i l l  be nec-  
e s s a r y  f o r  him to d e t e r m i n e  i ts l o c a t i o n  by means o f  t h e  elec- 
tto-optical s y s t e m .  To d o  t h i s ,  he  w i l l  i n s e r t  t h e  e a r p h o n e  
i n t o  h i s  ear a n d ,  a f t e r  d e p r e s s i n g  t h e  a19dio m o n i t o r  b u t t o n ,  
s c a n  t h e  storm s y s t e m  to d e t e r m i n e ,  by  l i s t e n i n g  to t h e  series 
o f  i m p u l s e s  p roduced  by  l i g h t n i n g ,  v h e r e  t h e  maximum electr i -  
c a l  a c t i v i t y  is o c c u r r i n g .  A s  i n  t h e  c a s e  o f  n o c t u r n a l  
storms, h e  w i l l  p h o t o g r a p h  t h e  r e g i o n  w h e r e i n  t h e  maximum 
a c t i v i t y  is o c c u r r i n g .  

F o l l o w i ~ l g  t h e  e x p o s u r e  o f  f i l m ,  t h e  o b s e r v e r  w i l l  n o t e  
t h e  time o f  t h e  e x p o s u r e ,  number :;f t h e  m a g a z i n e ,  remove t h e  
f i l m  m a g a z i n e  i f  less t h a n  o n e - f o u r t h  o f  t h e  f i l m  r e m a i n s ,  
n o t e  o n  t h e  f i l n  ~ a g a z i n e  t h e  time o f  t h e  e x p o s u r e ,  and  
r e p l a c e  it i n  ~ t s  s lo t  i n  t h e  i n f l i g h t  s t o w a g e  bag .  A new, 
numbered f i l m  m a g a z i n e  o b t a i n e d  f rom t h e  bag  w i l l  t h e n  be 
i n s e r t e d  and  l o c k e d  o n  t h e  c a m e r a ,  r e a d y  f o r  t h e  n e x t  o b s e r v a -  
t i o n .  A t  t h e  end  o f  t h e  m i s s i o n ,  a n y  f i l m  c a r t r i d g e  r e m a i n i n g  
i n  t h e  camera  s h o u l d  be removed and  p l a c e d  w i t h  t h e  rest o f  
t h e  e x p o s e d  f i l m  f o r  p r o c e s s i n g .  

I t  is p l a n n e d  t h a t  t h e  a s t r o n a u t  and  t h e  P r i n c i p a l  
I n v e s t i g a t o r  and  t h e  C o - I n v e s t i g a t o r s  w i l l  b e  i n  c o n t a c t  prior 
to  t!re s t a r t  o f  t h e  e x p e r i m e n t  to  d i s c u s s  w i t h  t h e  crew mem- 
b e r s  t h e  l o c a t i o n  o f  p o s s i b l e  storm ce l l s  and  t h e l r  l o c a t i o n  
r e l a t i v e  to t h e  o r b i t a l  l o o k  a n g l e s  from t h e  S h u t t l e .  Also 
p l a n n e d  a r e  d i s c u s s i o n s  w i t h  t h e  crew members a f t e r  t h e  f i r s t  
p h o t o g r a p h y  h a s  b e e n  c o m p l e t e d  u s i n g  t h e  NOSL s y s t e m .  A f t e r  
c o m p l e t i o n  o f  t h e  e x p e r i m e n t ,  d i s c u s s i o n s  w i l l  be h e l d  a g a i n  
w i t h  t h e  crew members to  i n c o r p o r a t e  a n y  s u g g e s t e d  c h a n g e s  i n  
t h e  p r e s e n t l y  d e s i g n e d  h a r d w a r e  f o r  f u t u r e  o b s e r v a t i o n s  . 
7. DISCUSSION OF DATA ANALYSIS  TECHNIQUE 

The d a t a  t a k e n  i n  t h e  NOSL e x p e r i m e n t  w i l l  c o m p r i s e  
m o t i o n  p i c t u r e s  o f  t h u n d e r s t o r m s  t a k e n  w i t h  a  1 6  mm color f i l m  
d a t a  a c q u i s i t i o n  camera and  s e n s o r  s i g n a l s  p roduced  b y  1 i g h  t- 
n i n g  i n  t h e  same a r e a  a s  t h e  p h o t o g r a p h s  and  r e c o r d e d  on  a  
d u a l - c h a n n e l  c a s s e t t e  r e c o r d e r .  The p h o t o g r a p h s  w i l l  show t h e  
a p p e a r a n c e  o f  c o n v e c t i v e  c l o u d  s y s t e m s  b y  d a y  and  l i g h t n i n g  
a c t i v i t y  i n  t h u n d e r c l o u d s  d u r i n g  t h e  n i g h t .  The r e c o r d e d  
s e n s o r  d a t a  w i l l  g i v e  i n f o r m a t i o n  o n  t h e  f r e q u e n c y  and  c h a r a c -  
teristics o f  l i g h t n i n g  o c c u r r i n g  i n  t h e  f i e l d  of v i e w  o f  t h e  
c a m e r a  b o t h  by  d a y  and  by n i g h t .  D e t a i l s  o f  t h e  time and 
p l a c e  o f  t h u n d e r s t o r m  o b s e r v a t i o n s  and  n o t e w o r t h y  c h a r a c t e r i s -  
t ics  o f  t h e s e  storms w i l l  be v o i c e  r e c o r d e d  by t h e  a s t r o n a u t s  
o n  o n e  o f  t h e  c h a n n e l s  o f  t h e  c a s s e t t e  r e c o r d e r .  T h e r e  w i l l  



p r o b a b l y  be  a d d i t i o n a l  d a t a  p r o v i d e d  o n  t h e  o p e r a t i o n  i n  t h e  
form o f  n o t e s  and i n t e r v i e w s  o b t a i n e d  d u r i n g  d e b r i e f i n g .  

The f i r s t  s t a g e  I n  t h e  d a t a  a n a l y s i s  w i l l  b e  t h e  pro-  
c e s s i n g  and d u p l i c a t i o n  o f  t h e  1 6  mm f i l m  and t h e  d u p l i c a t i o n  
o f  t h e  stereo t a p e  from t h e  two-channel  c a s s e t t e  t a p e  re- 
c o r d e r .  The n e x t  s t a g e  i n  t h e  d a t a  r e d u c t i o n  w i l l  be  to  pro- 
d u c e  a  1 6  mm sound f i l m  i n  which t h e  d a t a  from t h e  p h o t o c e l l  
on  t h e  t a p e  r e c o r d e r  w i l l  be s y n c h r o n i z e d  w i t h  t h e  f i l m  by t h e  
u s e  o f  t h e  s y n c h r o n i z i n g  p u l s e s  on t h e  c a s s e t t e  r e c o r d e r .  

The f i l m  w i t h  s y n c h r o n i z e d  sound t r a c k  w i l l  t h e n  b e  
viewed by t h e  s c i e n t i f i c  i n v e s t i g a t o r s  a s  it is p r o j e c t e d  o n  a 
c o n v e n t i o n a l  1 6  mm m a g n e t i c  sound f i l m  p r o j e c t o r .  When t h e  
f i l m  is viewed i n  t h i s  manner,  t h e  o c c u r r e n c e  o f  l i g h t n i n g  i n  
t h u n d e r s t o r m s  w i l l  oe  i n d i c a t e d  by t h e  s h a r p  a c o u s t i c  i m p u l s e s  
o r i g i n a t i n g  from t h e  p h o t o - o p t i c a l  s i g n a l s  r e c o r d e d  on t h e  
sound t r a c k .  The i n i t i a l  v i e w i n g  o f  t h e  f i l m  s h o u l d  p r o v i d e ,  
by t h e  o c c u r r e n c e  o f  t h e  sound p u l s e s ,  a n  i n d i c a t i o n  o f  t h e  
f r e q u e n c y  o f  l i g h t n i n g  s t r o k e  a c t i v i t y  a s s o c i a t e d  w i t h  v a r i o u s  
c o n v e c t i v e  d i s t u r b a n c e s  r a n g i n g  from a i r  mass storms to f r o n -  
t a l  s i t u a t i o n s  t o  s e v e r e  to rnado-produc ing  storms and h u r r i -  
c a n e s  or typhoons .  The sound t r a c k  may p r o v i d e  some i n d i c a -  
t i o n  o f  t h e  g e n e r a l  r e g i o n  i n  which t h e  l i g h t n i n g  is o c c u r r i n g  
even  though  t h e  l i g h t n i n g  w i l l ,  o f  c o u r s e ,  n o t  be v i s i b l e  on 
t h e  1 6  mm f i l m  d u r i n g  t h e  day .  It is a n t i c i p a t e d  t h a t  t h e r e  
w i l l  be  wide d i f f e r e n c e s  i n  t h e  e l e c t r i c a l  a c t i v i t y  o f  t h e  
storms, a s  i n d i c a t e d  by t h e  f r e q u e n c y  o f  l i g h t n i n g  d i s c h a r g e s .  
Each e l e c t r i c a l  storm o b s e r v e d  w i l l  be  c a t e g o r i z e d  i n  terms o f  
t h e  f r e q u e n c y  o f  l i g h t n i n g  d i s c h a r g e s .  The d a t a  w i l l  b e  ana-  
l y z e d  to  d e t e r m i n e  how t h e  l i g h t n i n g  a c t i v i t y  is r e l a t e d  to  
such  v a r i a b l e s  a s  t h e  number o f  ce l l s  i n  t h e  storm, t h e  d i a -  
meter o f  t h e  c e l l s ,  and t h e  a l t i t u d e  o f  t h e  ce l l  top. Such 
d a t a  w i l l  h o p e f u l l y  g i v e  new i n f o r m a t i o n  OP. s c a l i n g  l a w s  o f  
t h u n d e r s t o r m s  and may p r o v i d e  i n s i g h t  i n t o  t h e  n a t u r e  o f  t h e  
e l e c t r i f i c a t i o n  process t h a t  is o c c u r r i n g .  

I f  a  s u f E i c i e n t  number o f  t h u n d e r s t o r m s  c a n  be  o b s e r v e d  
o v e r  t h e  o c e a n  a s  w e l l  a s  o v e r  land, c o m p a r i s o n s  can  be  made 
to  d e t e r m i n e  whethe-  t h e  c o n v e c t i v e  s t r u c t u r e  o f  t h e s e  storms 
is s i m i l a r  to  t h o s e  o v e r  l a n d  and w h e t h e r  t h e  r e l a t i o n s h i p  
between l i g h t n i n g  f r e q u e n c y  and wave form to  t h e  c o n v e c t i v e  
development  is t h e  same a s  t h a t  o b s e r v e d  o v e r  l a n d .  When a  
s u f f i c i e n t  number o f  storms have been a n a l y z e d ,  it w i l l  b e  
p o s s i b l e  t o  c a l c u l a t e  r e l a t i o n s h i p s  between l i g h t n i n g  f r e q u e n -  
c i e s  o v e r  ].and and o c e a n s .  



Because  l i t t l e  i n f o r m a t i o n  is p r e s e n t l y  a v a i l a b l e  o n  
e l e c t r i c a l  a c t i v i t y  i n  h u r r i c a n e s ,  i t  w i l l  b e  o f  g r e a t  
i n t e r e s t  to  d e t e r m i n e  from t h e  p h o t o c e l l  d a t a  where t h e  
g r e a t e s t  e l e c t r i c a l  a c t i v i t y  is t a k i n g  p l a c e  i n  h u r r i c a n e s  and  
t y p h o o n s  and whe the r  t h e r e  is a r e l a t i o n s h i p  between t h e  
i n t e n s i t y  of t h e  storm and t h e  accompanying e l e c t r i c a l  
a c t i v i t y .  

Because  d u r i n g  t h e  day l i g h t n i n g  may n o t  be  s e e n  by t h e  
e y e  d i r e c t l y  or on p h o t o g r a p h i c  f i l m ,  t h e  o n l y  d a t a  c o n c e r n i n g  
t h e  e l e c t r i c a l  a c t i v i t y  o f  t h e  storm w i l l  be from t h e  data 
t a k e n  w i t h  t h e  p h o t o c e l l .  While some i n d i c a t i a n  of t h e  a c t i v -  
i t y  o f  t h e  storm c a n  be o b t a i n e d  m e r e l y  by l i s t e n i n g  to t h e  
sound t r a c k ,  a  g r e a t  d e a l  more i n f o r m a t i o n  c a n  be  o b t a i n e d  by 
d e t a i l e d  analy:;, of t h e  s i g n a l s  on  t h e  m a g n e t i c  t a p ,  e i t h e r  
w i t h  o s c i l l o g r a p h s  or w i t h  d i g i t a l  r e c o r d i n g  d e v i c e s  or 
F o u r i e r  a n a l y s i s .  L i g h t n i n g  i n  v a r i o u s  s i z e s  and k i n d s  of 
storms w i l l  b e  c a t e g o r i z e d  i n  terms o f  t h e  number o f  s t r o k e s  
p e r  f l a s h  and t h e  time i n t e r v a l  between s t r ~ k e s .  I t  may be 
p o s s i b l e  by l o o k i n g  a t  t h e  d e t a i l e d  s t r u c t u r e  o f  t h e  f l a s h  to  
d e t e r m i n e  from t h e  s e n s o r  data  whe the r  t h e  d i s c h a r g e  was 
i n t r a c l o u d  ar  c loud- to-ground.  I f  t h i s  p r o v e s  p o s s i b l e ,  a 
s t u d y  w i l l  b e  made to see i f  t h e  c o n v e c t i v e  s t r u c t u r e  of t h e  
c l o u d  a s  viewed fram above p r o v i d e s  any  c l u e  c o n c e r n i n g  t h e  
r a t i o  o f  t h e s e  two t y p e s  o f  l i g h t n i n g  which is known to v a r y  
c o n s i d e r a b l y  from  star^;^ to storm. 

The p r i m a r y  d a t a  o f  o u r  n o c t u r n a l  o b s e r v a t i o n s  of l i g h t -  
n i n g  w i l l  be t h e  l i g h t n i n g  and c l o u d  images on t h e  mot ion  pic- 
t u r e  f i l m .  I n  t h e  i n i t i a l  q u a l i t a t i v e  s t u d y  o f  t h e  s y n c h r o -  
n i z e d  f i l m  and p h o t o e e l l  d a t a  we w i l l  be p a r t i c u l a r l y  i n t e r -  
e s t e d  i n  i n s t a n c e s  o f  h o r i z o n t a l  l i g h t n i n g  d i s c h a r g e s  100 km 
or more i n  l e n g t h  t h a t  have been  d e s c r i b e d ,  b u t  so f a r  n o t  
phatographecl  , by a s t r o n a u t s .  We w i l  l be i n t e r e s t e d  to l e a r n  
w h e t h e r  s u c h  l o n y  h o r i z o n t a l  discharges are a r a t h e r  common 
f e a t u r e  of e l e c t r i c a l  a c t i v i t y  or  whe the r  t11ti.y are ~ ~ u l y  as- 
s o c i a t e d  w i t h  c e r t a i n  k i n d s  of c o n v e c t i v e  s y s t c m s .  I f  w e  a r c  
s u c c e s s f u l  i n  o b t a i n i n g  examples  o f  l o n g  h o r i z o n t a l  d i s -  
charges, v e  w i l l  make a frame-by-frame a n a l y s i s  o f  t h e  f i l m  
and c a l c u l a t e  t h e  v e l o c i t y  o f  t h e  g rowth  oE t h e  h o r i z o n t a l  
d i s c h a r g e s .  From s i m u l t a n e o u s  d e t a i l e d  a t \ . l l y s i s  of t h e  s i g n a l  
on  t h e  m a g n e t i c  t a p e  we  hope to l e a r n  someth ing  o f  t h e  d e t a i l s  
o f  t h e  d i s c h a r g e .  I f  i t  c o n s i s t s  o f  c loud- ta -g round  s t r o k e s ,  
we w i l l  d e t e r m i n e  t h e  number o f  s t r o k e s  and t h e  time i n t e r v a l s  
be tween s t r o k e s .  Such a n a l y s i s  s h o u l d  y i v c  some i n d i c a t i o n  o f  
t h e  mechanism o f  p r o p a g a t i o n  of t h e s e  l o n g  d i s c h a r g e s .  

We hope t h a t  d u r i n g  t h e  course of t h o  c ~ s C ~ ~ t ~ a ~ t ~ '  o b s e r -  
v a t i o l r s  t h e y  w i l l  be s u c c c s s i u l  i n  p l l c ~ t o t J r ~ y l ~ i ~ l g  a t  ! l i g h t  a 



k i n d  o f  v e r t i c a l  l i g h t n i n g  d i s c h a r g e  t h a t  h a s  been  d e s c r i b e d  
by a U-2 pi lo t  (211 as  o r i g i n a t i n g  from t h e  t o p  o f  an  a c t i v e  
t h u n d e r s t o r m  and ex t e n d  i n g  well i n t o  t h e  s t r a t o s p h e r e .  From 
t h e  p h o t o g r a p h i c  image and from t h e  m a g n e t i c  sound t r a c k  we 
e x p e c t  to  b e  a b l e  to l e a r n  t h e  d u r a t i o n  o f  t h e s e  d i s c h a r g e s ,  
t h e i r  v e r t i c a l  e x t e n t ,  and w h e t h e r  t h e y  a r e  o f  i n t e r m i t t e n t  or  
c o n t i n u i n g  c u r r e n t  v a r i e t y .  

A i r l i n e  p i l o t s  h a v e  r e p o r t e d  t h a t  t h e  l i g h t n i n g  o c c u r r -  
i n g  i n  t o r n a d o - p r o d u c i n g  storms is o f  an  u n u s u a l ,  c l e a r l y  rec- 
o g n i z a b l e  c h a r a c t e r .  I f  t h e  S h u t t l e  crew is f o r t u n a t e  enough 
to  o b t a i n  d a t a  from a t o r n a d o - p r o d u c i n g  storm a t  n i g h t ,  w e  
w i l l  c a r e f u l l y  examine  t h e  images  o f  t h e  l i g h t n i n g  o c c u r r i n g  
a t  t h a t  time to see i f  i t  d i f f e r s  from t h a t  i n  o r d i n a r y  thun-  
d e r s t o r m s .  T h i s  w!!'. i n c i u d e  t h e  s t u d y  o f  t h e  g e o m e t r y  o f  t h e  
d i s c h a r g e s  a s  w e l l  a s  a  d e t a i l e d  a n a l y s i s  o f  t h e  accompanying 
i m p u l s e s  o n  t h e  m a g n e t i c  sound t r a c k .  

During most o f  t h e  n o c t u r n a l  l i g h t n i n g  p h o t o g r a p h y  a 
d i f f r a c t i o n  g r a t i n g  w i l l  be p l a c e d  on t h e  camera  l e n s  so t h a t  
i n  t h o s e  c o n d i t i o n s  where t h e  l i g h t n i n g  i l l u m i n a t i o n  is s u f -  
f i c i e n t l y  na r row we w i l l  b e  a b l e  to o b t a i n  s l i t less  s p e c t r a  o f  
t h e  l i g h t n i n g  d i s c h a r g e s .  F o r  e a c h  c a s e  i n  which t h e r e  a r e  
w e l l - d e f i n e d  s p e c t r a ,  t h e  s p e c t r a  w i l l  be  p r o v i d e d  to 
P r o f e s s o r  R i c h a r d  O r v i l l e  o f  t h e  Depar tment  o f  Atmospher ic  
S c i e n c e ,  S t a t e  U n i v e r s i t y  o f  N e w  York a t  Albany,  who w i l l  
examine  them q u a n t i t a t i v e l y  to  see how t h e s e  s p e c t r a  compare  
w i t h  t h o s e  he  h a s  o b t a i n e d  on  l i g h t n i n g  c h a n n e l s  a t  lower 
L e v e l s .  When t h e  s p e c t r a  a r e  compared w i t h  t h e  d e t a i l e d  opt i -  
c a l  o u t p u t  o f  t h e  f l a s h  a s  measured by t h e  p h o t o c e l l ,  it may 
be p o s s i b l e  to i d e n t i f y  i n t r a c l o u d  o r  c loud- to-ground s t r o k e s  
and c o n c e i v a b l y  o t h e r  v a r i e t i e s  o f  l i g h t n i n g  n o t  n o r m a l l y  s e e n  
from t h e  g round .  

An a d v a n t a g e  o f  a n y  n o c t u r n a l  l i g h t n i n g  s t u d i e s  w i l l  be 
t h a t  t h e  p h o t o g r a p h i c  images  s h o u l d  c l e a r l y  i n d i c a t e  w h e t h e r  
t h e  l i g h t n i n g  c h a n n e l  b e i n g  o b s e r v e d  is i n  t h e  c l e a r  a i r  above  
or o u t s i d e  o f  t h e  c l o u d  o r  whe the r  t h e  l i g h t n i n g  is from d i f -  
f u s e  i l l u m i n a t i o n  o r i g i n a t i n g  from 1 i g h t n i n g  a t  some d e p t h  
w i t h i n  t h e  c l o u d .  In  t h o s e  c a s e s  where i t  c a n  be d e t e r m i n e d  
t h a t  t h e  l i g h t n i n g  is n o t  s c a t t e r e d  or o b s c u r e d  by t h e  c l o u d ,  
i t  s h o u l d  be  p o s s i b l e  to  o b t a i n  some measure  o f  t h e  e l e c t r i c a l  
power o f  t h e  s t r o k e  from t h e  i n t e n s i t y  o f  t h e  p h o t o e l e c t r i c  
s i g n a l .  I n  t h o s e  c a s e s  where t h e  l i g h t n i n g  is d e e p  w i t h i n  t h e  
c l o u d ,  t h e  i n t e n s i t y  o f  t h e  p h o t o e l e c t r i c  s i g n a l  may be d i f  f i- 
c u l  t to  i n t e r p r e t .  



t 

8. CONCLUSIONS 

i t 
i' 

Al though  t h e  d a t a  a c q u i r e d  u s i n g  d e v e l o p n e n t  ha rdware  f 

f rom ground and from Lear  j e t  and U-2 a i r c r a f t  120-221 have  
been  e x c e l l e n t ,  t h e r e  is l i t t l e  d o u b t  t h a t  s i m i l a r  o b s e r v a -  
t i o n s  made by d a y  and by n i g h t  from t h e  o r b i t i n g  S p a c e  S h u t t l e  
w i l l  p r o v e  more v a l u a b l e .  Whi le  o b s e r v a t i o n s  to d a t e  have  
n e c e s s a r i l y  i n v o l v e d  l o n g  p a t h l e n g t h s  t h r o u g h  t h e  a t m o s p h e r e ,  
s a t e l l i t e  o b s e r v ~ r l o n s  c a n  b e  made w i t h  f a r  less a t t e n u a t i o n  
b e c a u s e  o f  t h e  s h o r t  p a t h l e n g t h s  t h r o u g h  t h e  u p p e r  t h i n ,  c l e a r  
a t m o s p h e r e .  F u r t h e r m o r e ,  a s  we know from t h e  d a t a  t a k e n  t h u s  
f a r ,  s a t e l l i t e  o b s e r v a t i o n s  p r o v i d e  a u n i q u e  v iew o f  t h e  com- 
p l i c a t e d  c o n v e c t i v e  towers. I t  w i l l  be  o f  i n t e r e s t  to o b t a i n  
m o t i o n  p i c t u r e s  t h a t  w i l l  show how t h e  f r e q u e n c y  and  i n t e n s i t y  
o f  l i g h t n i n g  d i s c h a r g e s  a r e  r e l a t e d  to t h e  i n t e n s i t y  and con- 
v e c t i v e  s t r u c t u r e  o f  t h u n d e r s t o r m s .  

The S h u t t l e  o b s e r v a t i o n s  may s h e d  new l i g h t  o n  o t h e r  
l i t t l e - u n d e r s t o o d  a s p e c t s  o f  a t m o s p h e r i c  e l e c t r i c i t y ,  such  as  
l i g h t n i n g  a c t i v i t y  i n  h u r r i c a n e s ,  d u s t  storms, and t h e  u n u s u a l  
p o s i t i v e - p o l a r i t y  d i s c h a r g e s  r e p o r t e d  by T a k e u t i  and  Nakano 
[231  o f f  t h e  Sea  o f  J a p a n .  The d a t a  t h a t  w i l l  b e  o b t a i n e d  
s h o u l d  a l s o  p r o v e  i n v a l u a b l e  i n  t h e  d e s i g n  o f  f u t u r e  s y s t e m s  
f o r  c o n t i n u o u s l y  m o n i t o r i n g  t h u n d e r s t o r m  a c t i v i t y  from s p a c e .  





F i g u r e  2 .  Devrlopm~nt hardware-super 8 sound 
camera and sensor. 

ORfCINAL PACE fS 
qF POOR QWALW 

Figure 3. T w o  adjacent frames from motion picture film of 
cloud-to-ground liqhtning discharg~. 

(Super 0 photography by 0. H. Vaughan. 1 
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and Marx Brook 

The i n f o r m a t i o n  i n  t h i s  r e p o r t  h a s  been  rev iewed  f o r  
t e c h n i c a l  c o n t e n t .  Review o f  a n y  i n f o r m a t i o n  c o n c e r n i n g  
Depar tment  o f  Defense  o r  n u c l e a r  e n e r g y  a c t i v i t i e s  or p r  ; .m,s 
has been  made by t h a  *3FC S e c u r i t y  C l a s s i f i c a t i o n  O f f i c e  
T h i s  r e p r t ,  i n  its e n t i r e t y ,  has beeir d e t e r m i n e d  to be 
u n c l a s s i f i e d .  
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